In this research quantitative studies of Co(II)-thymoquinone complex was performed using cyclic voltammetry. The electrodes used were glassy carbon as working, saturated calomel as reference and platinum as auxiliary electrode. All the work was done at standard temperature (25 ± 1°C) in aqueous medium using NaCl as supporting electrolyte. 
Introduction
Cobalt is one of the trace elements which are essential for human health and is found as the key mineral of vitamin B 12 . 1, 2 It is necessary for the formation of erythrocytes, synthesis of DNA, RNA and myelin, red blood cells formation and in repairing nerve tissues. In addition iron, calcium and vitamin B 6 also require it to perform their roles. Metabolism of some important nutrients such as carbohydrates and proteins takes place in the presence of vitamin B 12 .
1 Hence deficiency as well as toxicity of cobalt can cause several severe complications. Some of them are pernicious anaemia, nervous disorders, paralysis [3] [4] [5] [6] , thyroid stimulation and polycythemia. 7 Co(II) forms numerous complexes, out of which its octahedral and tetrahedral complexes are most common but it forms five-coordinate and square planer complexes also. 8, 9 Thymoquinone, shown in Fig. 1 , is a bio-active component of volatile oil of Nigella sativa 10, 11 which has been found to possess hundreds of biological activities. [12] [13] [14] [15] [16] [17] It is a strong antioxidant 17, 18 and can form complexes with several metals. 19, 20 These properties may play very important role in its pharmacological action.
Cyclic voltammetry is an extensively used electro-chemical technique and is equally beneficial for qualitative as well as quantitative approach. On the one hand it helps to determine kinetics of electron transfer and different parameters like peak potentials, peak currents, etc., whereas, on the other hand, it gives information about coupled electrochemical reaction and interfacial adsorption-desorption behaviour of electro-active species. 21, 22 Furthermore, it is also used to acquire knowledge about the formation of any possible intermediates during different redox reactions. 23, 24 Hence it is a very popular and reliable electrochemical technique and is widely applied nowadays. [25] [26] [27] [28] [29] The aim of this study was to carry out a quantitative study of Co(II) thymoquinone complex in order to examine its behaviour. For this purpose effects of variation of some parameters, such as metal-ligand ratio and concentration on complexation of Co(II) and thymoquinone were studied.
Experimental

Chemicals
Analytical grade reagents were used without further purification. Thymoquinone (99 %) was purchased from MP Biomedicals, LLC, Santa Ana, CA, United States and sodium chloride (³99.5 %), cobalt acetate tetra hydrate (99.0-101.0 %) and methanol (99.5 %) from Merck KGaA Darmstadt, Germany.
Instrumentation
CHI-760 D Electrochemical work station (CH Instruments, Inc., Austin, USA) was used for cyclic voltammetric study. Three electrodes, a glassy carbon (Model CHI 104, CH Instruments, Inc., Austin, USA; area of the electrode = 0.07065 cm 2 ), a saturated calomel and a platinum wire electrode, were used as working, reference and auxiliary electrodes respectively. Re-polishing of glassy carbon electrode was done by alumina (the particle size of which was 0.3 micron). 
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Sample Preparation
Supporting electrolyte was NaCl (0.1 M) whereas 5 × 10 -3 M solution of thymoquinone and Co(CH 3 COO) 2 .4H 2 O were used as analyte solutions. 10 % methanol was also used in their preparation in addition to 0.1 M NaCl.
Cyclic Voltammetric Studies
All the work was performed at 0.1 V/s whereas current sensitivity was 1 × 10 -4 A/V. The applied potential range was set from -0.40 V to +1.00 V and then reversed back to the initial potential value. In order to observe the effect of concentration, solutions having a concentration range of 0.02 × 10 -3 M to 1.2 × 10 -3 M were used while in order to examine the effect of metal-ligand ratio, complex solutions with metal-ligand ratios of 1:1-1:5 were used. Triplicate analysis was carried out in both the cases. At first the baseline was recorded and after that cyclic voltammograms of complex solutions were run. In each case the volume of the solution was 15 mL.
Results and Discussion
Effect of Complex Concentration
For this purpose a calibration curve was constructed using the Randles-Sevcik equation. 30 The cyclic voltammograms clearly revealed dependence of peak current on concentration as revealed by Fig. 2 . In case of a solution having concentration 0.02 × 10 -3 M only the oxidative wave was observed and no reductive peak was seen whereas in other cases both peaks (1 and 2) were significant. At relatively high concentrations, i.e. from 0.4 × 10 -3 M to 1.2 × 10 -3 M, a smaller peak (3) also appeared in the oxidative scan only but here a positive shift of the peak was also noted. As for the solution with a complex concentration of 0.4 × 10 -3 M, the peak was observed to have an oxidative potential at 0.097 V but when the concentration was increased to 1.2 × 10 -3 M it shifted to 0.138 V. This additional peak might be due to formation of another complex as a result of a probable reaction between oxidized species and the solvent but absence of a reverse peak suggests that this could be linked to the complex's instability.
Linear regression revealed a direct relationship between current and concentration within the range 0.02 × 10 -3 M to 1.2 × 10 -3 M as seen in Fig. 3 . This is testimony that the concentration of the complex follows the Randles-Sevick equation as shown in Table 1 and no adsorption of complex at the electrode surface occurred.
As seen in Fig. 4 , the plot of peak potential against log of concentration showed straight lines indicating no reasonable change in the peak potential with the change of concentration.
Effect of Metal-Ligand Ratio
All complex solutions showed clear anodic and cathodic peaks (1 and 2) except the solution having metal-ligand ratio 1:1, which gave a cathodic peak only at -0.302 V as seen in Fig. 5 . Another small oxidative peak (3) was noted at 0.037 V in case of complex solution with 1:2 metal-ligand ratio which shifted positively with the increase in metal-ligand ratio. This resulting oxidation potential may be due to formation of any extra complex species as a result of an increase in the concentration of the ligand but the absence of reverse peak again shows that it was due to instability of the complex.
All observations in this experiment suggested that the complex follows quasi-reversible behaviour. 22 For instance, I pa /I pc was found to be less than one whereas the difference between anodic and cathodic potentials was found more than 59/n mV. In each RESEARCH ARTICLE case the values of a and b were also calculated as illustrated in Table 2 . Fig. 6 shows that the plot of peak potentials versus metal-ligand ratio gave straight lines with good R 2 value.
Diffusion Coefficient Analysis
It is an important constant for different complexes and could be easily and accurately obtained using cyclic voltammetry. 31 For the studied complex, it was calculated by Randles-Sevcik equation. 30 The area of electrode (A) and number of electron transferred (n) were 0.0706 cm 2 and 1 respectively. Its value was found to be more or less unaffected by varying concentrations in case of forward scan as seen in Table 3 ; however, for the reverse scan diffusion coefficient was obtained in the range of 10 -4 in each case. As far as effect of metal-ligand ratios is concerned, values of diffusion coefficient varied by changing the ratio, which shows some complications or the impact of a coupled reaction.
Standard Electrode Potential (E°) Analysis
Results showed a little difference in the values of E°for the forward and reverse scan as seen in Table 3 , which might be due to resistance of the solution as the concentration or metal ligand ratio was increased. Irreversibility in chemical reaction or heterogeneous electron transfer may be other causes. 
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Conclusion
Quantitative studies of Co(II)-thymoquinone complex were carried out using cyclic voltammetry. Results suggested that the complex followed quasi-reversible mechanism. The study indicates that linear regression can be applied for quantification of the studied complex within a wide linear range i.e. 0.02 × 10 -3 M to 1.2 × 10 -3 M successfully. The complex seems to be stable at lower concentrations and a high concentration seems to destabilize the complex.In both cases, by increasing metal-ligand ratio and concentration of complex solutions an additional oxidative peak was observed, the reason for which may be any possible reaction between the oxidized species and the solvent but the absence of a reverse peak indicates instability of this additional complex. In addition, values of different electrochemical parameters including E°, D, a and b were also determined at different concentrations and metal-ligand ratios. 
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